Background/Aims: Patients with cholangiocarcinoma usually present at an advanced stage, and more than 50% of cases are not resectable at the time of diagnosis. Recently, photodynamic therapy (PDT) has been proposed as a palliative and neoadjuvant modality. We evaluated whether combination of PDT and chemotherapy is more effective than PDT alone. Methods: In total, 161 patients with cholangiocarcinoma diagnosed between February 1999 and September 2009 were evaluated. Sixteen patients were treated with PDT and chemotherapy (group A), and 58 were treated with PDT (group B). Results: The median survival was 538 days (95% confidence interval [CI], 475.3 to 600.7) in group A and 334 days (95% CI, 252.5 to 415.5) in group B (p=0.05). Lymph node metastasis status, serum bilirubin of pretreatment, tumor node metastasis stage, treatment method (PDT with chemotherapy vs PDT alone), time to PDT and the number of PDT sessions were prognostic factors with statistical significance in the univariate analysis. A multivariate analysis showed that PDT with chemo therapy and more than two sessions of PDT were significant independent predictors of longer survival in advanced cholangiocarcinoma (hazard ratio [HR], 2.23; 95% CI, 1.18 to 4.20; p=0.013 vs HR, 1.79; 95% CI, 1.044 to 3.083; p=0.034). Conclusions: PDT with chemotherapy results in longer survival than PDT alone. (Gut Liver 2014;8:318-323) 
INTRODUCTION
Bile duct cancer is uncommon accounting for less than 2% 8.3.318 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
of all human malignancies. Approximately 60% of bile duct cancers involve the biliary confluence. 1 Complete resection with negative margins is the only treatment with a potential cure, and 5-year survival rates are 20% to 40%. 2, 3 Even among the 5-year survivors, a significant number will eventually succumb to the disease. [3] [4] [5] Patients usually present at an advanced stage, with more than 50% of cases being unresectable at the time of diagnosis. 6 As a result, a large proportion of patients is beyond the scope of curative treatment upon diagnosis, getting only palliative managements. [7] [8] [9] Recently, photodynamic therapy (PDT) has been evaluated as a palliative and neoadjuvant modality. Two randomized controlled trials have shown a significant survival benefit from PDT in patients with unresectable cholangiocarcinoma. 10, 11 Although PDT therapy has been shown to increase survival, there was a limitation of local therapy. Some studies of chemotherapy for hilar cholangiocarcinoma were reported. However, they did not show a definite effect on survival until recently. Recently, a study with gemcitabine based chemotherapy has promising effect of survival gain in advanced cholangiocarcinoma. 12 It is not known whether a combination of PDT, local therapy, and systemic chemotherapy is effective treatment. The primary aim of our study was to examine the survival gain with the therapy of PDT and systemic chemotherapy compared to PDT therapy alone in patients with advanced hilar cholangiocarcinoma. The secondary aim was to evaluate the prognostic factors related with survival.
MATERIALS AND METHODS

Patients
A total of 161 patients with hilar cholangiocarcinoma diag-nosed between February 1999 and September 2009 were evaluated. Exclusion criteria were that surgery had been performed, Karnofsky performance status of <60, loss of follow-up, and sudden death during diagnostic workup. Thus, data of 74 patients were available for analysis. Patients were divided into group A and B according to the treatment modality. Sixteen were treated with PDT and gemcitabine with or without cisplatin (group A) and 58 were treated with PDT only (group B). All patients included in this study were believed to be unresectable by accepted criteria. 13, 14 The Institutional Review Board of our hospital approved this study.
Photodynamic therapy and gemcitabine or/and cisplatin
PDT is a two step procedure. A photosensitizing drug known to preferentially accumulate in tumor cells is administered, and the tumor is exposed to nonthermal laser light of the appropriate photoactivating wavelength after a time interval required for the drug to accumulate in tumor tissue. Porphyrin-based photosensitizers, such a hematoporphyrin derivatives and its partly purified commercial preparation, porfimer sodium, are the most commonly used sensitizers. Photofrin accumulates in cholangiocarcinoma cells with a tumor to a normal tissue fluorescence ratio of 2 to 1, 24 and 48 hours after administration. 15 Patients received porfimer sodium intravenous at a dose of 2 mg/kg 4 hours before endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic choledochoscopy (PTCS) photoradiation. To perform the percutaneous PDT procedure, a guidewire was first inserted throughout the stricture into the common bile duct. A 6-Fr guiding catheter was then inserted along the guidewire, permitting the guidewire to be removed. A diffuser fiber was then inserted through the guiding catheter and the stricture site was irradiated from the distal to the proximal region under cholangioscopy and fluoroscopy. To perform PDT with ERCP, the preloaded catheter was advanced across the bile duct tumor using a 0.035 inch guidewire. The tip of the catheter contained a metal marker and was cut just below this marker to allow the fiber to pass. Tumor segments were treated sequentially in a proximal to distal fashion. After PDT was performed, 10-Fr plastic biliary stents were inserted to ensure adequate decompression and bile drainage. PDT was repeated in cases of tumor progression, when subsequent biopsies from the hilar stenosis were positive, or when increased tumor thickness was evident on follow-up percutaneous cholangioscopy or intraductal ultrasonography scans.
Biliary drainage was applied to prevent cholestasis before chemotherapy. Chemotherapy used mainly gemcitabine single or gemcitabine with cisplatin. We excluded five patients with FP regimen (5-FU and cisplatin) in this study.
Statistical analysis
Numerical data are presented as the median with range. Data for patients with PDT alone and systemic chemotherapy with PDT were compared with respect to demographic, clinical, and treatment variables using Pearson chi-square test and Fisher exact test for categorical variables. Estimates of probabilities of survival for the follow-up study were calculated using the Kaplan-Meier method with the log-rank test. Data were summarized by the median and 95% confidence intervals (CI). For survival rates, deaths unrelated to cholangiocarcinoma, such as cardiovascular events, were treated as censored patients. Survival was calculated from the day of diagnosis until death or the last follow-up.
Cox regression was used to determine independent predictors of outcome, using survival as the dependent variable and significant factors (p<0.15) by univariate analysis as the independent variables. The p-values of ≤0.05 were deemed to indicate statistical significance. Statistical analyses were performed using the SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patients
Baseline characteristics were shown in the Table 1 . Two groups were similar except in lymph node metastasis and frequency of ERCP in PDT method. Lymph node metastasis was more frequent in group A (15/16, 93.8%) than in group B (36/58, 62.1%) (p=0.012). Among PDT methods, the frequency of ERCP was higher in group A than B (43.8% vs 13.8%, p=0.014). There was no difference in age, sex, tumor node metastasis (TNM) stage, bismuth type, CA 19-9 level, and pre-PDT albumin level between two groups. In the group A, nine patients were treated with gemcitabine single (56.3%) with median 3 cycles (range, 2 to 5 cycles), and six patients were received gemcitabine with cisplatin (43.7%) with median 6 cycles (range, 4 to 7 cycles). Among patients with PDT, 52 patients (70.3%) received only one PDT and the rest (29.7%) did PDT of more than two.
Survival between PDT alone and systemic chemotherapy with PDT
Kaplan-Meier survival analysis showed that group A (PDT with chemotherapy) has a higher survival rate than group B (PDT only) (Fig. 1) . The overall median survival time was 17.9 months (95% CI, 12.0 to 22.4) of group A and 11.1 months (95% CI, 8.4 to 13.8) of group B (p=0.05). The 1-, 2-, and 3-year survival rates were 93%, 16%, and 0% in group A and 40%, 17%, and 3% in group B, respectively. Patients in group A survived longer than in group B on the 1-year survival rate, but there was no difference in 2-and 3-year survival rates.
At the end of follow-up period, all patients of group A and B had died. The most common cause of death in both groups was liver failure (37.4%, n=6 in group A; 43.1%, n=25 in group B; p=0.808), followed by disease progression (31.3%, n=5 in group A; 18.9%, n=11 in group B; p=0.168) ( Table 2 ). Table 3 shows the results of univariate and multivariate analysis of all variables related with survival in all patients. Less than 3.0 mg/dL of pre-PDT serum bilirubin level (p=0.040), less than III stage of TNM (p=0.048), the case of PDT within 3 months from diagnosis (p=0.033), repeated PDT of more than two, and PDT with chemotherapy (p=0.05) were significant prognostic factors in the univariate analysis. However, age, level of CA 19-9, lymph node metastasis, serum albumin level of pretreatment, and bismuth type did not show statistical significance as a prognostic factor in the univariate analysis. Multivariate analysis using Cox regression showed that PDT with chemotherapy and reduplicative PDT were significant independent predictors of longer survival in advanced hilar cholangiocarcinoma (hazard ratio [HR], 2.23; 95% CI, 1.18 to 4.20; p=0.013 vs HR, 1.79; 95% CI, 1.044 to 3.083; p=0.034) ( Table 3 ).
Prognostic factors for survival
Treatment-related complications
Early complications (cholangitis) were experienced by one patient (6.3%) in the group A and three patients (5.2%) in the group B. Of PDT-specific adverse events, two patients in group B experienced dermal phototoxicity. Liver abscess occurred in two patients (3.4%) in the group B. These patients had an external biliary drainage tube. With respect to complications related to the PTCS tube, one patient had tube breakage, two patients had bile leakage from the tube insertion site, and two patients had premature exchange of the PTCS tube due to early tube occlusion. Data are presented as median (range) or number (%). PDT, photodynamic therapy; TNM, tumor node metastasis; PTCS, percutaneous transhepatic choledochoscopy; ERCP, endoscopic retrograde cholangiopancreatography. In the PDT alone group (n=58), the median survival period was 11.1 months (95% CI, 8.4 to 13.9 months; p=0.05). RT, radiotherapy. 
DISCUSSION
Complete surgical resection remains the foundation of curative intent therapy for patients with extrahepatic cholangiocarcinoma, but due to its anatomic location and natural history, the disease locally advanced in most patients at the time of diagnosis. Patients with unresectable cholangiocarcinoma have limited therapeutic options other than palliative biliary stenting. Although metal stent insertion improves occlusion rates and reduces the number of therapeutic interventions, median survival time is not ameliorated. 16 Radiotherapy (RT) or chemotherapy attempt to affect tumor growth. To date, however, no randomized prospective study concerning the effect of these long-used additional therapies is available. The only retrospective comparative study of palliative radiation therapy showed no significant improvement in median survival time between endoscopic biliary stenting alone or additional external-beam RT and internal brachytherapy with 192-iridium (300 days vs 210 days). 17 Recently, a prospective study of gemcitabinebased chemotherapy for biliary tract cancer provided evidence that cisplatin plus gemcitabine was an effective treatment option for locally advanced or metastatic biliary tract cancer. 12 In this study, the median overall survival was 11.7 months in the cisplatin-gemcitabine group and 8.1 months in the gemcitabine group (p<0.001). However, the overall median survival in the cisplatin-gemcitabine group was not longer than previous results of palliative biliary drainage only. 12, 18 One limitation of this randomized study was a heterogeneous group that included gall bladder and ampullary cancer in addition to bile duct cancer. A treatment modality for local ablation of the primary tumor could improve the outcome of curative and palliative therapies. Palliative brachytherapy with 192-iridium alone (35 Gy at 1-cm distance) did not prolong median survival time (4.3 to 5 months) 19 but, when combined with external beam RT (30 Gy), did result in median survival times of 10 to 10.5 months. 17 Another modality for local tumor ablation of cholangiocarcinoma is PDT. Even in patients with advanced disease, PDT has been shown to improve survival, quality of life, and performance status compared with biliary stenting in uncontrolled 20, 21 and randomized controlled trials. 11, 12 The median survival after PDT in our study was 11.5 months, which was similar to the results of randomized controlled trials with chemotherapy. 22 PDT is based on the relatively specific accumulation of photosensitizers, such as porphyrins, in dysplastic or malignant cells. After intravenous, oral, or topical applications, the photosensitizer drug predominantly concentrates in tumor tissue and remains inactive until exposed to a specific wavelength of light. When light is delivered to the target cancer site, the photodynamic reaction induces photochemical destruction of tumor tissue mediated by singlet molecular oxygen and other active species generated by the reaction of the activated photosensitizer and mucosal oxygen. Damage to tissue occurs by several pathways including cell necrosis, apoptosis and ischemia with vascular shutdown. 6 The survival of the PDT with chemotherapy group tended to be greater than the PDT-alone group in our study. The median survival length was 17.9 months (95% CI, 12.0 to 22.4) of PDT with chemotherapy and 11.1 months (95% CI, 8.4 to 13.8) of PDT alone (p=0.05). Additional PDT (i.e., local ablative therapy) and systemic chemotherapy may create a synergistic effect that improves the survival and quality of life in advanced bile duct cancer. The local tumor control is important prognostic factor in advanced hilar bile duct cancer. In the majority of patients with tumor stenosis in the distal and middle part of the bile duct cholestasis can be relieved quickly. Palliative intervention is limited in proximal bile duct cancers. A successful drainage (bilirubin decrease >30% to 50%) is only achieved, however, 23, 24 Attempts to control tumor growth are made with PDT and additional systemic chemotherapy has certain benefit to improve the survival in advanced hilar bile duct cancer. Our previous exam suggested that PDT in advanced hilar cholangiocarcinoma should be repeated every 3 months because mean thickness of the mass had increased at 4 months after PDT. 21 This study showed that patients with several times of PDT survived longer than those with single PDT in the univariate analysis (median survival length, 12.2 months vs 8.7 months; p=0.048). We expected that PDT of several sessions, at least twice, could improve the survival of advanced cholangiocarcinoma patients. Pre-PDT serum bilirubin level, less than III stage of TNM, shorter time to PDT from diagnosis, repeated PDT, and PDT with chemotherapy were good prognostic factors with statistical significance in the univariate analysis in all patients with advanced cholangiocarcinoma. On the multivariate analysis, PDT with chemotherapy and PDT of several times were significant predictors of survival.
Because it was retrospective and small sample size of PDT and chemotherapy group compared with PDT alone, this study is limited. However, this study population was derived from a larger cohort of patients with cholangiocarcinoma and followup exceeded 1 year. Median survival of this cohort was comparable to that of other cohorts reported in the literature. However, further prospective randomized controlled studies between chemotherapy and/or RT with PDT and chemotherapy alone will be needed to confirm the role of PDT in advanced bile duct cancer.
In summary, repeated PDT with systemic chemotherapy resulted in longer survival than PDT only or a single PDT. Additional PDT to systemic chemotherapy seems to be a promising new approach to hilar cholangiocarcinoma.
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